The development of the Malaysian radiological medical emergency response simulator emphasized human factors according to the stakeholder's tacit and explicit knowledge. These human factors criteria were usability tested and analysed according to the sociotechnical components. These analyses and interpretations were corroborated by the statistical criteria which emphasized on business process-based requirements modelling and simulation system development tools. Recent findings suggested that there were no differences of risk perceptions among these multi-agency stakeholders in the respective emergency planning framework and simulator. However, the stakeholders had differences in knowledge and experiences in the radiological and nuclear emergency planning framework (RANEPF). This paper analyses the proposed conceptual framework for further enhancement of the current RANEPF simulator. This development was in concurrence with the proposed hypothesis of the process factors and response diagram. The majority (75%) of the stakeholders and experts, who had been interviewed, witnessed and accepted that the simulator would be effective to resolve various types of disaster and resource management issues. We suggest further investigation to establish the additional functionality of the simulator as a strategist, condensed, concise, comprehensive public disaster preparedness and intervention guidelines to be a useful and efficient computer simulation.
Introduction
Asia is home to 128 operable nuclear power reactors, 40 under construction and firm plans for 90 more. There are eight nuclear power plants (NNPs) and research reactors in South East Asia (ASEAN). Six research nuclear reactors were active and operational in Malaysia, Indonesia, Thailand and Vietnam. Furthermore, Vietnam has plans to build two NPPs in the near future. Previous Malaysian experience with the climatic haze problem originated from the malicious act of Indonesian forest burning. Despite that, triumphant regional collaboration was established to overcome this crisis immediately from worsening. Thus, the same scenario could happen in the same fashion if any radiological and nuclear (RN) disasters or emergencies ever occurred in ASEAN or Asia Pacific region. To be prepared, ASEAN needs a regional and incorporated international RN emergency plan such as radiation and nuclear emergency planning framework (RANEPF).
Accordingly, the disastrous meltdown of radiation and nuclear events require a cumbersome and complicated scale of emergency health and social care capacity planning framework. Therefore, this paper recommended guideline that will prevent unnecessary conflicts such as insufficient, inconsistent and impractical requirements of the simulation system analysis and design (Hamid et al., 2015a (Hamid et al., , 2015b . Foremost, data collection of the research questionnaires is constructed theoretically refers to the identified customers, participants, processes and activities in the associated emergency plan as the simulation system components respectively. Consequently, these simulation system components are developed and validated as the RANEPF simulator that implied business process-based requirements modelling and simulation system development (BPRMS) and integrated with the radiological trauma triage capacity planning framework. Suggested development and validation are solutions that will improve the Malaysian RN emergency planning framework as the proposed simulator. This simulator plans and organizes the stakeholder's capacity and capability for radiological medical response and risk assessment. Significantly, these solutions are considered helpful to validate assurance of the public acceptance to the emergency regulatory framework prominent to the Malaysian Nuclear Power Development Program (Jabatan Perdana Menteri, 2010) .
Case studies and research methods
This research implemented empirical and non-empirical studies which consisted of case studies data gathered among 96 stakeholders and experts using mostly open-and closeended questionnaires but also, interviews. In addition, this research included 357 random samples of patients from operational, managerial and clinical information database. This research also relied on the simulator analysis and design according to the information systems (IS) theoretical interpretation and methodological triangulation by implementing BPRMS. The theoretical interpretation was refers to the proposed socio-technical components indicated in the following sections. Prior to earlier research findings, the research variables were independent and unbiased by having inherent relationships (Hamid, Rozan, Deris, & Ibrahim, 2013; Hamid et al., 2015, Prototyping and validating; Hamid, Rozan, Ibrahim, Deris, & Yunus, 2014) . Therefore, this research indicated consequential and situated actions in the emergency planning framework were mutually constitutive (Feldman & Orlikowski, 2011) . The research focused on the theory building (generation) technique that is divided into (1) requirements feasibility validation and synthesis; (2) designing of the simulator interfaces according to the conceptual framework; (3) process flow and capacity measurement analysis and (4) finalized justification of the simulator usability test analysis as the following sections.
Requirements feasibility validation and synthesis
The research participants' perceptions and experts' justifications are validated and synthesized according to the overall process map in Figure 1 (Aguilar-Saven, 2004; Hamid et al., 2013) . The research validation and synthetization discussed in this section as the following: (1) thematic synthesis conceptualization, (2) affinity analysis, (3) Pareto analysis and (4) cause and effect analysis.
Conceptualization of the synthesis
Prior 'as-is' process models and RANEPF snapshot highlighted four themes described as the research key processes and activities (see Table 1 ). These themes would be interpreted, transcribed and mapped according to the information systems design theory (ISDT) key concepts in order to determine the integral chain of evidence between them. Table 1 notifies the respondents' identifications, namely, C1-C20 as the represented cases of the research participation distribution. This table validated the possible relationships among the process elements as to be developed into simulation system components (Avison & Fitzgerald, 2006; Hamid et al., 2013; Urquhart, 2013) .
Affinity analysis
Secondly, the affinity analysis indicated the proposed contingency (or contingent ranking) table as depicted in Table 2 . The affinity analysis calculation is defined as in (Asgary & Figure 1 . Overall process map. Mousavi-Jahromi, 2011; Subbiah & Ibrahim, 2011) . The suggested equation is to indicate whether the data are being impartial or else. Reported margin of error is typically about twice the standard deviation which is the radius of 95% confidence interval (CI). The outcome of the cited formulation is placed in Table 2 . This analysis is a method to experiment varying degrees of relationship among the processes and activities performed in the respective phenomenon. The analysis is also a data mining technique to discover cooccurrence relationships among the research participants. The technique was applied to determine the prominent information to be integrated within the simulation system components. The information generated divergent thinking related to activities performed by (or recorded about) individuals or organizations simultaneously in the respective emergency planning frameworks. This process is essential to avoid duplication. Data generation activity provided individual terms of information; edited research participants' perceptions were later sorted, grouped and transcribed as categories determined by the ISDT key concepts (that referred to thematic coding procedure) (Avison & Fitzgerald, 2006) . Contingency analysis or ranking, a survey-based method and a choice-based modelling focused on preferences modelling of the emergency planning key processes and activities described according to their attributes and levels (Asgary & Mousavi-Jahromi, 2011) (Hoang, 2017) . Attribute valuation of the contingent ranking allows more than one direct route of valuation. This implication involved characteristics or attributes of such processes and marginal changes in their characteristics. The ranking logit is ordered as model specification and the maximum likelihood as the estimation procedure.
This analysis determines the relationship dependency between the classifications of IS development key concepts and the research participants' opinions using cut-off or independent test as described in Table 3 . The analysis applied cross tabulation to record and examines the relationships between two or more categorical variables. As a result, the T value was less (13.30) than the cut-off value (25), anticipated respondents' opinions are unbiased towards the ISDT key concepts (see Table 4 ). Hence, these findings can be structured accordingly featuring the transformation of the key concepts into simulation components later. Table 5 is the Pareto analysis displayed the most common sources might take issue and challenged circumstances in the framework process. The 80-20 rule is the evident in the Pareto chart: 80% of the emergency planning framework issues came from processes 2 and 3, and 20% came from the causes as depicted in Figure 2 (Subbiah & Ibrahim, 2011; Tague, 2004) . As a result, arranging the reasons in decreasing order yields a cumulative function that is concave. Figure 2 depicts reducing issues and challenges in the event of a radiological or nuclear disaster and emergencies by 80%, whereas the Pareto bar accounted and accumulated two-thirds (66%) of insufficient definition and identification of the disaster coordinator roles, responsibilities, resources and equipment, which causes three times higher the customer disappointment. The Table 3 . The independent test of the affinity analysis.
Pareto analysis
Step 1: Create categorization of the frequency table accordingly
Step 2: ni. n.j/n
Step 3: nij-(ni. n.j/n)
Step 4: [nij-(ni. n.j/n)]^2
Step 5: [nij-(ni. n.j/n)]^2 /(ni. n.j/n) customers are the Malaysian licensed radiation workers and also radiation related workers recognized as the research stakeholders in the research. In addition to that, the surrounding community is also included. As a new research discovery, clinical patients are indicated as customers as well, prior to be rescued during any disaster and emergency situations (Hamid et al., 2013) . Significantly, these findings were the highlighted structure of the nuclear safety consequences as defined in (Hamid et al., 2013) .
Cause and effect analysis
Prior to the Pareto analysis, nearly two-thirds (66%) of the organizational issues consisted of the stakeholders' incapability and incompetence. Consequently, the Pareto analysis findings will be followed by the cause and effect analysis in order to highlight critical factors of the process models referred to as ISDT key concepts and job hazard analysis using a root cause analysis (Avison & Fitzgerald, 2006; Chan, 1998; Cructhfield & Roughton, 2008; Kaoru Ishikawa, 1990) . This analysis applied the exploration of true 'root cause' and suggested adequate corrective actions. The main corrective actions were to define and identify the disaster coordinators' capacities and capabilities in terms of their roles, responsibilities, resources and equipment. The most prominent indicator of the simulator key requirements and success factors, according to the experts' justification was to practically implement the respective emergency framework mechanisms from initiating RN disasters and emergencies best practices and lesson learned, whereby they showed the direction, as well as, prioritized and useful goals to be achieved.
Designing the simulation interfaces according to the conceptual framework
The conceptual framework of the simulation system analysis and design, namely, Figure 3 is the hypothesis process factors and responses diagram underlying the system requirements feasibility validation and synthesis. The causes are the controllable and uncontrollable input factors, responses and output measures. This diagram applied the impact analysis of the respective phenomenon. The main research contribution incorporated the know-how of the respective emergency planning framework into an agent-based social simulator development. Most significantly, this diagram contributed to the simulator design of experiments. It was constructed as a structured, organized method used to determine the relationship between the input factors (X1, X2) affecting a process and the output of the process (Y1, Y2) (Russell & Taylor, 2011) . Figure 3 also depicts the enlisted translation and transformation of the emergency planning framework into a physically and empirically constructive agent-based social simulation system. Consequentially, Figure 4 features multi-facet of the agent-based and discrete-event interfaces that implied agent-based and system dynamics modelling of the respective simulator.
The simulator purposefully aimed to prevent complete disorder in the pre-hospital care related to the incremental survival of the casualties accordingly. Cordially, this research provided health and social care plan for the respective RN emergency plans and response. The simulator applies patients' classification that refers to their injury and level of radiation sickness. The patients' diagnoses and treatment classification, estimated the supply and demand resources of the associated medical delivery system. This system also assisted the stakeholder's resources planning while managing the RN incidents of the corresponding treatment areas promptly. First, the on-site emergency plan carried out decontamination activities at the site of the RN event, namely, initial area treatment. Second, the off-site emergency plan applied radiological trauma triage in the reception area or shelter and the hospital care treatment (HCT) areas. By simulating these conditions, the research framework of the integrated stakeholder's and system requirements was developed. These requirements were validated according to IS theoretical lenses by applying process simulation modelling. The medical treatment and populations' decontamination are activated at the earliest minutes to hours of the RN disaster and emergency. Following that, the intermediate medical care is implemented from hours to days into the later phase of months and years respectively. This action indicated the execution of the respective radiological medical triage. This triage identified the patients' radiation exposure levels based on the characteristics of the acute radiation poisoning signs and symptoms. The poisoning verification refers to the patients' radiation sickness, which is believed to be radiological exposed only, contaminated only, both contaminated and exposed, and neither has been contaminated nor exposed. Consequently, the ongoing medical treatment of dedicated radiation injuries based on elaborated medical management can be defined as in (Waller et al., 2009) . Additionally, radiation dosimetry is provided to evaluate the radiation dose exposure of the responders and public using physical measurements, predicted values and use of biological markers. Accordingly, this research proposed empowering people by increasing public awareness of emergencies and recommending personal preparedness plans (Kuljis, Paul, & Stergioulas, 2007) .
Consequently, Figure 4 depicts the justified components of the simulator design which divided into the animation input and output models, and related process coding interventions. The animation models of the simulator divided into agent-based and discrete-event interfaces; meanwhile the process coding interventions involved the susceptible-exposedaffected-recovered (SEAR) state charts (using agent-based and system dynamics modelling) and network-based process models. The simulation components refer to the problem statements of the Goiana situation (International Atomic Energy Agency, 1988 , 1998a , 1998b and related epidemic studies (Borshchev, 2013; Gunes, 2014) .
According to the mentioned literatures above, in 1985, the cause of the Goiana radiological accident in Brazil originated from a radiography source with localized activity intake of 410-Sv dose range. This accident has been among the most serious radiological accidents ever. This accident happened when a private radiotherapy institute was moved to new premises and transported a cobalt-60 tele therapy unit and left a caesium-137 tele therapy unit without notifying the licensing authority (regulator). The unit was removed and dismantle improperly. The radioactive source is a form of highly soluble caesium chloride salt, which was readily dispersible. The environment was contaminated and several persons critically affected by the radiation.
Capacity measurement analysis of the process flow Figure 5 is the measured process flow of the simulator capacity performance. This flow chart displayed the radiological and medical trauma triage capacity planning framework that refers to SEARS categorization as in Table 6 (Hamid, Wah, Majid, Samah, & Abdullah, 2012) . The process flow unit consisted of a patient. Table 6 is the patient categorization characteristics of the absorbed dose range and radiation sickness as stated in Hamid et al., 2012; Pidd, 2009 ). The patients were referred to as the radiological-affected casualties. The process flow time analysis anticipated a random sample of 357 patients over a month-long period. The patients' time estimation of entry and exit data points were individually analysed, refer to the hospital information database and radiological medical safety reports Hamid et al., 2012) .
Elongated scenario estimates simplified generic medical responses from 10 into 25 data points incorporated of the radiological medical response interventions within 83 minutes and 40 seconds. Figure 5 depicts the applied process flow time in precise and separate examinations into constituent workflow activities. The orange boxes indicate the summarized business process of the frameworks. Meanwhile, the yellow box describes the capacity planning and analysis of the underlying capability of the resources involved.
Furthermore, Figure 6 displays extended process flowchart of the prioritized activities and their precedence relationships. It is an instant process entry point of a patient embarking into the health and injury inspection facility finished with the coloured exit points as defined in (Hamid et al., 2015, Requirements engineering of Malaysia's; Hamid et al., 2016) . Figures 5 and 6 depict the requirements feasibility analysis as an appropriate mechanism for the radiological medical emergency preparedness and response plans (Hamid et al., 2015, Prototyping and validating; Hamid et al., 2016) . Consequently, each process must be sequentially operationalized and analysed based on the patients' activity and flow time during their visits. In another instance, the second activation of the radiological triage activities for process 14-25 will be repeated once the patients' accumulation reaches 98% with an average of 1.98 visits. Therefore, an average activity time for process 14 multiplied 1.98 for each medical visit before preceded into process 15 as in Figure 6 according to the simulated data computations. Thus, the computations identified that path 5 of the first activation of the radiological triage is the most critically profound as it took 65 minutes delay of each patient treated in the estimated flow-time efficiency as defined (1) (1)
Besides, the computerized simulation estimated the waiting time like nine times greater during radiological disaster and emergency in this scenario. Even though, all resources were scheduled to operate from 8.00 a.m. to 5.00 p.m. each day, six days per week. However, during the disruptive occurrence, the HCT operates 24 hours, 7 days per week for the prior 72 hours. The proposed mechanism in Figure 6 indicated that the throughput (R) of each patient treatment is 24 minutes on average, which is 9 minutes behind the time of the accustomed medical response interventions. The throughput of a process, R, was the average number of flow units processed over time. Subsequently, the disaster coordinator is the main resource bottleneck with 33 minutes delay of each patient's treatment. This theoretical capacity bottleneck indicated that no patient survived at this point. The bottleneck evaluation refers to the capacity utilization analysis in order to measure the effectiveness of the resource performance to be utilized by the process as defined in (2) as cited in (Anupindi et al., 2006; Hamid et al., 2015, Prototyping and validating; Hamid et al., 2016) :
Capacity utilization of resource pool p = Throughput/theoretical capacity of resource pool ( prp = R/Rp).
(2)
Simulation usability test analysis
Figures 1 and 5 exhibit the simulator 'as-is' and 'to-be' abstract models. Beforehand, these models are validated concurrently before the simulator demonstration, whereas another Figure 6 . Process flowchart corresponding to the simulator.
demonstration is carried out to establish the usability test. Primarily, these validations are analysed to identify relative discrepancies of the simulator implementation (as depicted in Table 7 and Figure 7) . Table 7 explains the positioning analysis of the research variables of the given participants' perception are unbiased and independent (referred to the affinity analysis), but they have inherent relationships indicated through the socio-technical system components and ISDT key concepts justifications. Therefore, the perceptions given are in highly significant agreement with an average Kappa agreement of 82% indicated mutually constitutive process and simulation models by producing p-value less than .05 with 95% CI. Therefore, these processes and simulation models that referred to the work system framework components were highly agreed upon and accepted among the research participants. These components were important as an instruction to develop the simulation models. The highlighted justifications were brought to light by adapting theory building (generation) technique that emphasized on the hypothesized conceptual framework (see Figure 3 ).
Hence, Figure 7 presents in highly significant agreements among the research participants that displayed inherent relationships of the simulator elements respectively. On average, the majority (75%) of the stakeholders and experts who had been interviewed, witnessed and accepted that the simulator would be effective to resolve various types of disaster and resource management issues. This result indicates that there were no Table 7 . Positioning of the inter-coder reliability analysis of the abstract models.
Abstract models Descriptions
'As-is' . The Kappa agreement is 85.75 (95% CI = 0.777 to 0.938) . The inter-coder agreement was significant (p-value <.05) and almost perfect 'To-be' . The Kappa agreement is 78.18 (95% CI = 0.685 to 0.879) . The inter-coder agreement was significant (p-value <.05) and substantially perfect exact differences of perspectives among the stakeholders before and after the evaluation. Thus, the two tailed value of this test was p = .03; z-score = −2.34 which was significant (less than 95% CI). Moreover, Figure 7 reveals significance incremental scoring before and after the simulation demonstrations is mutual and constituently agreed by the knowledgeable stakeholders and experts. They indicated the simulator provided less uncertainty of the emergency and disaster expectations (due to the straightforward identifications and the characteristics of the emergencies and disasters), direct failure identifications, and less risky and easier-to-conduct experimentation. The cumulative membership probability exceeded .95 and suggested that percentage agreement was almost perfect, according to Landis-Koch benchmark scale. Consequently, the Kappa agreement was 85.13 (95% CI equal to 0.527 to 1), concluded that the inter-coder agreement was significant (p-value <.05) and almost perfectly accepted. Prior studies indicated that agreement scoring marks more than 0.50 and between 0.667 and 0.800 indicated as reasonably significant between the research participants (Adams, Green, Clark, & Youngson, 1999; Krippendorff, 2013) .
Conclusions and future work
Figures 1, 5 and 6 are the proposed process models were validated and synthesized through the theory generation (building) techniques in order to approve key success factors of the suggested simulation modelling as cited in (Kuljis et al., 2007) . Additionally, the research validation and synthesis also provided endorsement from the respective stakeholders as the expertise of the associated emergency planning frameworks. Thanks to the stakeholder's expertise acceptance had raised the usefulness of the proposed simulation model adoption. The expertise acceptance is prior to correlation of 86% average (with a 95% CI). Therefore, the disaster coordinator roles and responsibilities, resources and equipment were thoroughly defined and identified which are exceedingly demanding in Malaysia as they contributed nearly 70% of any untoward radiation and nuclear circumstances. Meanwhile, the capacity measurement analysis of the process flow stated disaster coordinator did show the bottleneck of the process activities into nearly three-quarters (72%), overly utilized by the system as cited in (Hamid et al., 2015, Prototyping and validating: Hamid et al., 2016) .
Next, this research also significantly integrated theoretical interpretation and methodological triangulation of the case studies and simulation system development that could be mixed with other methods as described in (Pidd, 2012) . As the simulator imitates real world representations, therefore, interpretive models (i.e. Figures 1 and 5) are conceptualized devices prior to the logical model development of the business process modelling (see Figure 6 ) as cited in (Pidd, 2012) . These process and simulation models emphasized a chain of evidence, reliability, accuracy and representativeness as cited in (Amy Hamijah Ab. Hamid et al., 2013) . They demonstrated the operational response and interconnections of the stakeholder organizations, along with radiation dose range screening, severity diagnosis and treatment of the casualties.
These output determinants supported the logical view of the specified radiological trauma triage system in regular and case-by-case care as in (Hamid et al., 2012; . The sequential data collections applied constant comparisons.
Consequently, the research findings were analysed inductively into specified contexts or conditions by applying socio-technical system theories, and revealed a lack of discrepancies between data processes that need no further clarification. For instance, Table 7 lists constant similarities concurrently of the defined inter-coder reliability analyses between the 'as-is' and 'to-be' models as in (Loonam & McDonagh, 2009; Urquhart, 2013) . Figure 3 generates the conceptual framework of the simulator prototype design as to enable validation of the work system effectiveness of the recognized emergency planning frameworks using the socio-technical components. Furthermore, this iterative conceptualization imposing extended theoretical interpretations and requirements analysis was scaled up into the proposed simulator process flow, and capacity measurement analysis has turned into a broader theme of the simulation development (i.e. the translation and transformation of Figures 1 and 5 into Figure 6 ). Occasionally, by conducting this guideline, theoretical integration was established prior to the preceding theories as cited in (Urquhart, 2013) . These claims supported the stakeholder perception, whereas multiple methodologies generated deeper insights into the emergent theories. Multiple research strategies resolved the weakness of one approach to another and intensified the advantages of the chosen one. This application is also defined as another inductive coding method complemented the qualitative and interpretive research methods as cited in (Loonam & McDonagh, 2009) . Consequently, the resolution of any conflicting simulation requirements is justified based on the stakeholder's agreement and acceptance in particular.
Besides, the applied requirements elicitations and analysis significantly integrated process activities as the acknowledged qualitative and interpretive methods as cited in (Hamid et al., 2013; AHA Hamid et al., 2014; Sommerville, 2007) . This action was initiated to bring forward preceded theories and methods in order to transform unstructured requirements into organized workflow clusters of simulation process, agent and actors. For instance, the recommended requirements elicitations and analysis supported ISDT key concepts consisted of people, computer hardware and software, and also performed service actions according to the stakeholder's environment as cited in (Kotonya & Sommerville, 1995) . The results represented adequate stakeholders and system requirements, even though they applied dynamic analytical procedures. In short, these procedures supported requirements for engineering a process efficiently and in a consistent manner.
This paper also provided socio-technical requirements elicitation to define each simulated process requirement significantly according to their context (time, place and situation) in which they are observed as cited in (Loucopoulos & Karakostas, 1995) . Socio-technical requirements elicitations evaluated prominent technical problems and processes established within a social context. The requirement elicitations involved optimum stakeholders justifications gathered during the member checking sessions. Member checking sessions implemented sequential data collections of the research participants' perceptions and experts' justifications as well as during the simulator demonstration and usability test sessions. The social issues categorization in the simulator workflow relatively and interdependently associated to the technical aspect accordingly as the result of the assigned affinity analyses. These analyses supported these theoretical statements as the T value is lesser than the cut-off value.
This paper is comprehensive RN disaster preparedness and intervention guideline refers to the suggested conceptual framework accommodating to be a useful and efficient computer simulation system analysis and design. The conceptual framework exhibited effective theory building techniques that complimented the simulator design and validation by integrating the requirements elicitations and analysis method. The simulator demonstrated useful implementation of an overall national disaster plan. This guideline could be applied by other emergency managers and analysts for further implementations. Future implementations could apply this guideline to other disaster and emergency phenomenon. The guideline would be initiated by specifying irradiation facilities and NPPs to be transformed into segregated categories of identified and non-identified emergencies. Future solutions of the customers' dissatisfactions must be addressed in order to decrease any severities and disorders, especially among the appointed customers. Subsequently, the next task is also to establish and address thorough time control empirically, as this is difficult to define, given current system limitations. He was the national expert in waste management, in particular incineration technology which involved national governance and international expertise for Republic of Korea International Combustion, Incineration, Pollution and Emission Controls Seminars (iCIPEC) and Sheffield University Waste Incineration Center (SUWIC). Above all, his major involvement in R&D for nuclear science and technology plays an important role and contributes to the implementation and realization of national science and technology (S&T) policies to ensure that it remains a relevant public research and development institute. Deliberately, he was also the advisor for Director General of International Atomic Energy Agency (IAEA), member of the Standing Advisory Group on Nuclear Energy (SAGNE), and also national coordinator via advisor in Forum for Nuclear Cooperation Asia (FNCA) and Malaysia Nuclear Power Cooperation (MNPC).
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